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Abstract 

Objectives: To observe porcelain veneer behavior of zirconia and metal-ceramic full coverage crowns when sub- 
jected to compression testing, comparing zirconia cores to metal cores. 

Study Design: The porcelain fracture surfaces of 120 full coverage crowns (60 with a metal core and 60 with a 
zirconia core) subjected to static load (compression) testing were analyzed. Image analysis was performed using 
macroscopic processing with 8x and 12x enlargement. Five samples from each group were prepared and underwent 
scanning electron microscope (SEM) analysis in order to make a fractographic study of fracture propagation in the 
contact area and composition analysis in the most significant areas of the specimen. 

Results: Statistically significant differences in fracture type (cohesive or adhesive) were found between the metal- 
ceramic and zirconia groups: the incidence of adhesive fracture was seen to be greater in metal-ceramic groups 
(92%) and cohesive fracture was more frequent in zirconium oxide groups (72%). The fracture propagation pattern 
was on the periphery of the contact area in the full coverage crown restorations selected for fractographic study. 
Conclusions: The greater frequency of cohesive fracture in restorations with zirconia cores indicates that their 
behavior is inadequate compared to metal-ceramic restorations and that further research is needed to improve their 
clinical performance. 

Key words: Zirconia, zirconium oxide, fractography, composition, porcelain veneers, fracture, cohesive, adhe- 
sive. 
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Introduction 

The arrival of new dental materials and treatment pos- 
sibilities generates high esthetic expectations among 
patients. While restorative dentistry should supply sa- 
tisfactory esthetics, it must first meet functional needs. 
Recent research (1,2) and the development of new te- 
chniques have lead to the introduction of new ceramic 
materials for use in prosthodontics and these include 
zirconia, a material which aims to combine strength and 
esthetics in restoration techniques. 
Numerous clinical studies show that the fracture rate 
of porcelain veneers varies between 6% and 15% over 
3-5 years in restorations with zirconia cores (3-5), while 
this is only 4% or more over ten years for conventional 
metal-ceramic restorations (6-8). 

The aim of the present study was to analyze the fractures 
produced in ceramic veneers by static load (compres- 
sion) testing of full coverage crown restorations, where- 
by the study variable was the supporting core material, 
comparing metallic and zirconia cores. The study set out, 
firstly, to classify the type of fracture produced (adhesive 
or cohesive) by means of stereomicroscope observation 
(9, 10) and secondly, the form of fracture propagation in 
the contact area was observed using scanning electron 
microscope (SEM) fractography (11). Lastly, compo- 
sition analysis was carried out in order to obtain more 
information about the processes involved in porcelain 
veneer fracture. 

Material and Methods 

The restorations used in this study were fabricated on 
the basis of a master cast, which took the form of a 
maxillary first molar of conventional shape, to obtain a 
full-coverage fixed crown. One hundred and twenty im- 
pressions were taken from the master cast using addition 
silicone (polyvinyl siloxane) of heavy consistency and 
silicone fluid (Putty and Light Elite HD®, Zhermack, 
Italy) using the double-mix technique. Each impression 
was then cast in epoxy resin (Exakto-Form®, Bredent, 
Germany). After a 45-minute polymerization, each 
epoxy resin specimen was removed from the mold and 
mounted in a 22-mm-diameter copper cylinder, setting 
the specimen in type IV dental plaster (Pastel Rock Die 
Stone®, Kerr, Italy). 

One hundred and twenty crowns were fabricated and 
divided into six groups: Group 1 = 20 IPS e.max Zir- 
CAD crowns (core: IPS e.max ZirCAD®, Ivoclar Vi- 
vadent, Schanne, Liechtenstein with porcelain veneer: 
IPS e.max Ceram®, Ivoclar Vivadent); Group 2 = 20 
IPS e.max ZirPress crowns (core: IPS e.max ZirCAD® 
with porcelain veneer: IPS e.max ZirPress®, Ivoclar Vi- 
vadent); Group 3 = 20 Lava crowns (core: Lava Frame 
Zirconia®, 3M ESPE, USA; porcelain veneer: Lava Ce- 
ram®, 3M ESPE); Group 4 = 20 metal-ceramic crowns 
with porcelain stratification layering (core: Rexillium 



V® nickel-chromium alloy, Pentron Laboratory Techno- 
logies, CA, USA, with porcelain veneer: IPS d.SIGN® 
ceramic, Ivoclar Vivadent); Group 5 = 20 metal-cera- 
mic crowns with porcelain stratification layering (core: 
Rexillium V® nickel-chromium alloy, Pentron Labora- 
tory Technologies; porcelain veneer: IPS InLine® ce- 
ramic, Ivoclar Vivadent); Group 6 = 20 metal-ceramic 
crowns with heat press ceramic (core: Rexillium V® 
nickel-chromium alloy, Pentron Laboratory Technolo- 
gies, with porcelain veneer: IPS InLine PoM® ceramic, 
Ivoclar Vivadent). 

- Morphology/Design Characteristics of the Internal 
Cap 

The design morphology of each crown, whether with 
metallic or zirconia core, followed the anatomical de- 
sign referred to earlier. 

The internal crown cap was characterized by two incli- 
ned cuspal planes which allowed the porcelain veneer 
equal thickness over the entire crown surfaces. In the 
cervical area, the coping was precisely adjusted to the 
edge of the restoration piece. 

- Characteristics of Ceramic Veneer Morphology De- 
sign 

The occlusal anatomy of each crown was designed using 
the wax-up technique, so that the load applicator of the 
Instron machine used for the compression tests (a 4-mm 
aluminum ball) made contact in the fossa of the res- 
toration with three-point contact on the internal slopes 
of the vestibular cusps and palatine cusp. To do this, a 
reproduction of the active part (antagonist) of the load 
applicator was fabricated by taking an impression using 
addition silicone (Elite HD®, Zhermack, Italy), which 
was then cast in acrylic resin (Trim II®, Bosworth). 

- Bonding Crowns to the Casts 

Once fabricated, the crowns were bonded using a dual- 
polymerization composite resin cement. A 1-kg force 
was applied for 5 minutes to ensure correct distribution 
of the bond material and to seat the crowns properly. 

- Compression Testing 

The compression test was carried out using a mechanical 
testing machine (Instron® model 4202, MA, US). The 
load applicator descended onto the sample exercising 
continuous vertical force with a crosshead speed of 0.5 
mm/s, moving vertically downward perpendicular to the 
occlusal plane. The load force applicator's aluminum 
ball established three-point contact with the internal slo- 
pes of the crown's vestibular cusps and palatine cusp. 
The machine was stopped once the veneering ceramic 
had fractured, and the force that had provoked the frac- 
ture was measured in Newtons. 

- Image Processing of Test Samples 

Firstly, all specimens were observed under an optical ste- 
reo microscope (Leica APO MZ®, Leica Microsystems, 
IL, USA) with 8x and 12x enlargement, identifying the 
type of fracture produced in each sample, classifying 
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these as either cohesive (fracture situated within the in- 
ternal structure of the porcelain veneering (chipping)), 
adhesive (at the porcelain veneer-zirconia interface), or 
complete (complete fracture of the crown). Complete 
fractures were excluded from the study. Samples were 
examined on the external surface as well as within the 
fracture to examine its internal structure. 
Sample dimensions were conditioned to analyze their ex- 
ternal surfaces. The copper cylinder that held the stump 
of each sample was sectioned with a 50A15 Struers dia- 
mond cutting disk to leave a ring with a depth of 4 mm, 
using a Secotom-15® machine (Struers, Willich, Ger- 
many) at 3,000 rpm and progression of 0.25 mm/min 
with refrigeration by low-velocity water to avoid dama- 
ging the samples. 

When the first observation phase was complete, 30 spe- 
cimens were selected randomly, five from each group, 
to perform fractography analysis and then composition 
analysis using SEM. To do this, the surface of each sam- 
ple was cleaned, eliminating any microparticles, first 
manually and then using an ultrasonic cleaner (Ultraso- 
nic Cleaner TSD-J 0,7L®, PCE Instruments, Albacete, 
Spain). Then the sample was placed in a JP Selecta oven 
model 210 (Abrera, Spain) for 30 minutes at 65° C in 



order to eliminate surface dampness before metalizing 
the samples with gold for SEM observation (JEOL JSM 
6300 with crystal microanalysis Oxford Instruments 
Ltd, Tokyo, Japan). 

Lastly, the data obtained were submitted to statistical 
analysis (Bonferroni bivariate analysis). The significan- 
ce level established for bivariate analysis was 5% (P < 
0.05). 

Results 

Of the 120 crowns studied, 58.3% suffered adhesive 
fracture, 40% cohesive fracture, and 1.7% complete 
crown fracture. In Group 1, 60% of crowns underwent 
cohesive fracture, 30% adhesive fracture, and 10% com- 
plete crown fracture (Fig. 1). In Group 2, 85% of crowns 
suffered cohesive fracture while 15% suffered adhesive 
fracture (Fig. 1). In Group 3, 70% of crowns underwent 
cohesive fracture, while 30% suffered adhesive fractu- 
re. In Group 4, all fractures were adhesive, exposing the 
metal core. In Group 5, 10% of crowns underwent cohe- 
sive fracture, while 90% suffered adhesive fracture. In 
Group 6, 15% of crowns underwent cohesive fracture, 
whereas 85% were adhesive fractures. Table 1 shows the 
fracture types obtained in each group and their relation 
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Table 1. Description of the materials used in the six study groups and the 
type of fractures produced. 



Group 


Core 


Porcelain Veneer 


Core's 


Adhesive Frac- 


Cohesive Frac- 


Complete Frac- 








nature 


tures 


tures 


tures 


1. 


IPS e.max ZirCAD 


IPS e.max Ceram 


Zr02 


6 (30%) 


12 (60%) 


2(10%) 


2. 


IPS e.max ZirCAD 


IPS e.max ZirPress 


Zr02 


3 (15%) 


17 (85%) 


0 


3. 


Lava Frame Zirconia 


Lava Ceram 


Zr02 


6 (30%) 


14 (70%) 


0 


4. 


Rexillium V 


IPS d.SIGN 


CrNi 


20(100%) 


0 


0 


5. 


Rexillium V 


IPS InLine 


CrNi 


18 (90%) 


2 (10%) 


0 


6. 


Rexillium V 


IPS InLine PoM 


CrNi 


17(85%) 


3 (15%) 


0 



Table 2. Bonferroni bivariate analysis. 





GROUP 1. 


GROUP 2. 


GROUP 3. 


GROUP 4. 


GROUP 5. 


GROUP 6. 


GROUP 1. 




>0.05 


>0.05 


<0.05 


<0.05 


<0.05 


GROUP 2. 


>0.05 




>0.05 


<0.05 


<0.05 


<0.05 


GROUP 3. 


>0.05 


>0.05 




<0.05 


<0.05 


<0.05 


GROUP 4. 


<0.05 


<0.05 


<0.05 




>0.05 


>0.05 


GROUP 5. 


<0.05 


<0.05 


<0.05 


>0.05 




>0.05 


GROUP 6. 


<0.05 


<0.05 


<0.05 


>0.05 


>0.05 





to the core material and porcelain veneer type. 
The zirconia-based porcelain veneer restorations 
(Groups 1, 2, and 3) showed a higher percentage of co- 
hesive fractures (72%) in comparison to metal-ceramic 
crowns (8%) (Groups 4, 5 and 6); metal-ceramic res- 
torations showed a higher percentage of adhesive fractu- 
res (92%) in comparison with zirconia-based porcelain 
veneer crowns (25%). Following Bonferroni bivariate 
analysis, statistically significant differences were found 
between groups, the incidence of cohesive fracture be- 
ing greater for zirconia-based porcelain veneer crowns, 
while metal-ceramic restorations showed a higher inci- 



dence of adhesive fracture (Table 2). 
Surface fracture patterns for all the crowns analyzed at 
the point of occlusion with the antagonist were radial or 
peripheral, in other words, the deformation of the veneer 
material was produced in the occlusal zone, with the 
fracture projected from the central point of load applica- 
tion towards the periphery where porcelain delamination 
occurred (Fig. 2). 

Composition analysis of selected specimens by SEM 
helped make a clear distinction between cohesive frac- 
tures and adhesive fractures (those that exposed the in- 
ternal core) (Fig. 3). 



Iff 

J 


j ' — 


r. 


2c 




. s • - 



Fig. 2. A.- Peripheral or radial surface fracture propagation adjacent to the area of contact with 
the antagonist (Specimen number 18, Group 1 SEM SE x25. B.- Same Specimen SEM SE 
x50. C.-The same fracture propagation pattern is seen in Specimen 8, Group 2, SEM SE xlOO. 
D.-The same fracture propagation pattern in Specimen 6, Group 2, SEM SE xlOO. 



e263 



J Clin Exp Dent. 2013;5(5):e260-6. 



Mechanical behavior of ceramic coating 





Discussion 

In vitro tests aim to simulate clinical behavior and so 
aim to create an in vitro study model that recreates clini- 
cal conditions as precisely as possible. There are many 
characteristics of clinical situations that need considera- 
tion but are difficult to reproduce under laboratory con- 
ditions. Laboratory studies, particularly those involving 
static loading, provide limited predictions of the beha- 
vior that restorations might be expected to show when 
subjected to real clinical situations. Nevertheless, they 
can offer reliable results when specific factors are to be 
observed and compared in a controlled environment. 
To date, little in vitro research has been carried out into 
the strength of porcelain veneers on zirconia-based ce- 
ramic restorations. Moreover, there are far fewer refe- 
rences to zirconia core restorations than to studies of the 



mechanical resistance of metal-ceramic crowns. 
Numerous authors have performed static load tests to 
study the strength of ceramic materials in full covera- 
ge dental restorations (12-15) and compressive testing 
would appear to be an adequate method for evaluating 
resistance to fracture of crowns or fixed partial dentures 
(16). In the present study, the crosshead speed (0.5 mm/ 
min) and static compressive load (5 KN) were establis- 
hed in light of a literature review dealing with these va- 
riables (12,17,18). 

The full coverage restorations analyzed were fabricated 
on the basis of a master model in the shape of a maxi- 
llary first molar, as proposed by Agustin et al. (12). 
From the present in vitro study, it can be confirmed that 
porcelain veneers with the same characteristics behave 
differently in response to static loading depending on the 
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type of supporting core. For zirconia-based restorations, 
fractures occurred more frequently in the interior of the 
porcelain veneer. These results can be extrapolated to 
clinical practice given that, according to the literature, 
zirconia restorations fracture with greater frequency than 
metal-ceramic ones, with the main failure type being co- 
hesive (chipping) (19). Stereomicroscope examination 
showed that 72% of fractures of porcelain veneers on 
zirconia restorations were cohesive (chipping). 
Fischer et al. (19) studied zirconia-porcelain interfaces 
on zirconia crowns subjected to static loading to the po- 
int of fracture of the surface porcelain, carrying out SEM 
analysis of elemental composition and distribution. To 
date, no scientific evidence for a chemical bond between 
zirconia and the veneering ceramic has been found. The 
two materials appear to bond as a result of mechanical 
interlocking and through the formation of compressi- 
ve strength resulting from thermal contraction during 
cooling following sinterization (20). In this way, Fischer 
et al. found that for zirconia restorations, the most fre- 
quent type of fracture occurred within the porcelain ve- 
neer rather than at the porcelain-zirconia core interface 
(19). 

An important factor in full coverage restorations with 
zirconia cores is the morphology/design of its internal 
cap. Numerous authors insist on the importance of a de- 
sign that follows an anatomical pattern. This will gua- 
rantee uniform thickness of the veneer porcelain over 
the entire crown and will avoid inadequate support of the 
porcelain resulting from incorrect cap design and reduce 
the likelihood of porcelain delamination (14,19,21,22). 
The morphology design used for each crown, regardless 
of whether the core is of metal or zirconia, was proposed 
by Molin et al. (13), who reported that an anatomical 
design of the internal cap can reinforce the porcelain 
veneer's clinical resistance to fracture. A later in vitro 
study carried out by Kokubo et al. confirmed that the 
anatomical core model achieved higher levels of resis- 
tance to porcelain veneer fracture (14). 
Despite having followed the indications put forward in 
these earlier studies, the percentages of cohesive frac- 
tures obtained with crowns with zirconia cores are high 
compared to metal-ceramic crowns. It may be that other 
laboratory procedures used during the zirconia proces- 
sing might have a relevant influence on porcelain veneer 
behavior. 

It is known that residual tensions of thermal origin are 
produced following the processing of zirconia-based 
porcelain veneer restorations. Nevertheless, to date there 
are no clear directives for the correct laboratory handling 
of the material, although Tan et al. (23) have shown that 
slow cooling and slow heating regimes used when fi- 
ring porcelain to zirconia increase its fracture resistance. 
This laboratory procedure needs further investigation as 
it might help equalize the cohesive fracture resistance of 



zirconia crowns with that of metal-ceramic crowns. 
The results of this preliminary study must be interpreted 
with caution since it is difficult to extrapolate in vivo 
clinical results from the static loading test alone. Further 
fatigue fracture testing in a wet environment and other 
clinical research is needed in order to confirm the results 
of the study. 

Conclusions 

Within the limits of the present study, it was observed 
that: 

1 . Porcelain veneers show significantly different beha- 
vior in relation to the restoration core material. The- 
re is a higher incidence of cohesive fractures among 
zirconia-based porcelain veneer restorations. There 
is a higher incidence of adhesive fracture among 
metal-ceramic crowns 

2. The fracture propagation surface pattern is of radial or 
peripheral type adjacent to the point of contact with 
the antagonist tooth, at the point of load application. 

References 

1 . Denry I, Kelly JR. State of the art of zirconia for dental applications. 
Dent Mater. 2008;24:299-307. 

2. Tinschert J, Natt G, Mautsch W, Augthun M, Spiekermann H. 
Fracture resistance of lithium disilicate, alumina, and zirconia based 
three unit fixed partial dentures: a laboratory study. Int J Prosthodont. 
2001;14:231-8. 

3. RoedigerM, Gersdorff N, HuelsA, Rinke S. Prospective evaluation 
of zirconia fixed partial dentures: four-year clinical results. Int J Pros- 
thodont. 2010;23:141-8. 

4. Sailer I, Feher A, Filser F, Liithy H, Gauckler LJ, Schraer P, Franz 
Hammerle CH. Prospective clinical study of Zirconia posterior fixed 
partial dentures: 3-year follow-up. Quintessence Int. 2006;37:685-93. 

5. Vult von Steyern P. All-ceramic fixed partial dentures. Studies on 
aluminium oxide-and zirconium dioxide-based ceramic systems. Swed 
Dent J Suppl. 2005;173:1-69. 

6. Walton TR. An up to 15-year longitudinal study of 515 metal-cera- 
mic FPDs: Part 2. Modes of failure and influence of various clinical 
characteristics. Int J Prosthodont. 2003;16:177-82. 

7. Creugers NH, Kayser AF, van't Hof MA. A meta-analysis of dura- 
bility data on conventional fixed bridges. Community Dent Oral Epi- 
demiol. 1994; 22:448-52. 

8. Anderson RJ, Janes GR, Sabella LR, Morris HF. Comparison of 
the performance on prosthodontics criteria of several alternative alloys 
used for fixed crown and partial denture restorations: Department of 
Veterans Affairs Cooperative Studies project 147. J Prosthet Dent. 
1993;69:1-8. 

9. Scherrer SS, Quinn GD, Quinn JB. Fractographic failure analysis of 
a Procera AllCeram crown using stereo and scanning electron micros- 
copy. Dent Mater. 2008;24:1107-13. 

10. Campos RE, Soares CJ, Quagliatto PS, Soares PV, de Oliveira OB 
Jr, Santos-Filho PC et al. In vitro study of fracture load and fracture 
pattern of ceramic crowns: a finite element and fractography analysis. 
J Prosthodont. 2011;20:447-55. 

1 1 . Roman-Rodriguez JL, Fons-Font A, Amigo-Borras V, Granell-Ruiz 
M, Busquets-Mataix D, Panadero RA, Sola-Ruiz MF. Bond strength 
of selected composite resin-cements to zirconium-oxide ceramic. Med 
Oral Patol Oral Cir Bucal. 201 3; 1 8:el 1 5-23. 

12. Agustin-Panadero R, Fons-Font A, Roman-Rodriguez JL, Granell- 
Ruiz M, del Rio-Highsmith J, Sola Ruiz MF. Zirconia Versus Metal: A 
Preliminary Comparative Analysis of Ceramic Veneer Behavior. Int J 
Prosthodont. 2012;25:294-300. 

13. Molin MK, Karlsson SL. Five-year clinical prospective eva- 
luation of zirconia-based Denzir 3-unit FPDs. Int J Prosthodont. 
2008;21:223-7. 



e265 



J Clin Exp Dent. 2013;5(5):e260-6. 



Mechanical behavior of ceramic coating 



14. Kokubo Y, Tsumita M, Kano T, Fukushima S. The influence of zir- 
conia coping designs on the fracture load of all-ceramic molar crowns. 
Dental Materials Journal. 2011;30:281-5. 

15. Zahran M, El-Mowafy O, Tam L, Watson PA, Finer Y. Fracture 
strength and fatigue resistance of all-ceramic molar crowns manufac- 
tured with CAD/CAM technology. J Prosthodont. 2008;17:370-7. 

16. Blatz MB, Bergler M, Ozer F, Hoist S, Phark JH, Chiche GJ. Bond 
strength of different veneering ceramics to zirconia and their suscepti- 
bility to thermocycling. Am J Dent. 2010;23:213-6. 

17. Roman-Rodriguez JL, Roig-Vanaclocha A, Fons-Font A, Granell- 
Ruiz M, Sola-Ruiz MF, Amigo-Borras V, Busquets- Mataix D et al. In 
vitro experimental study of bonding between aluminium oxide cera- 
mics and resin cements. Med Oral Patol Oral Cir Bucal. 2010;15:e95- 
100. 

1 8. AL-Makramani B, Razak AA, Abu-Hassan MI. Comparison of the 
load at fracture of Turkom-Cera to Procera AllCeram and In-Ceram 
all-ceramic restorations. J Prosthodont. 2009;18:484-8. 

19. Fischer J, Grohmann P, Stawarczyk B. Effect of zirconia surface 
treatments on the shear strength of zirconia/veneering ceramic compo- 
sites. Dent Mater J. 2008;27:448-54. 

20. Raigrodski AJ. Contemporary materials and technologies for all- 
ceramic fixed partial dentures: a review of literature. J Prosthet Dent. 
2004;92:557-62. 

2 1 . Kim B, Zhang Y, Pines M, Thompson VP. Fracture of porcelain- 
veneered structures in fatigue. J Dent Res. 2007;86:142-6. 

22. Brukl CE, Ocampo RR. Compressive strengths of a new foil and 
porcelain-fused-to-metal crowns. J Prosthet Dent. 1987;57:404-10. 

23. Tan JP, Sederstrom D, Polansky JR, McLaren EA, White SN. The 
use of slow heating and slow cooling regimens to strengthen porcelain 
fused to zirconia. J Prosthet Dent. 2012; 107: 163-9. 

Acknowledgments 

The authors acknowledge the support of VLC/CAMPUS 
Valencia, International Campus of Excellence, Micro- 
cluster de Biomateriales Odontologicos Program. They 
also thank Prof. Dr. Vicente Amigo Borras for his tech- 
nical support throughout the development of this study 
and 3M ESPE and Ivoclar Vivadent for their assistance. 

Conflicts of interests 

The authors declare that there is not conflict of interests 
regarding the publication of the article. 



e266 



